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群〔祖先を同じくする染色体の群〉のいずれかにも分類され (Sears1952; Sears 
and Okamoto 1956)、同じ同祖群に属する染色体(同祖染色体)は互いに類似した遺











的に誘発することによって、種々の有用遺伝子が Ae.comosa(Riley et al. 1968)、
Ag. e longatum(Sears 1972)、Ae.speltoides(Dvorak 1977)、Ag.ntermedium(Wang







コムギ染色体の対合変動に関与する要因としては、前記の58上のPhl(R i1 ey and 
Law 1985; Riley 1966a; Dover 1973; Riley 1974; Sears 1976; 村松 1980)、過剰
染色体(Mochizuki 1963; Vardi and Dover 1972; Dover 1973; Sano and Tanaka 
1982; Ohta四 dTanaka 1982)、コルヒチン(Driscollet a1. 1967; Driscoll and 
Darvey 1970; Dover 1972; Dover and Riley 1973)、低温(Riley1966b; Bayliss 








































P 1 0 ugh (19 17)以来多数の種で報告されている(Wilson 1959参照)。
一方、普通系コムギにおいては、染色体対合量が高温(Liet ~. 1945; 8ayliss 
and Riley 1972a; Fu and Sears 1973)、低温(Riley 1966b)いずれの処理によって
も減少することが明らかになっている。このうち低温の効果は50染色体を欠く個体に
おいて顕著にあらわれることから、 5Dとの関連性を中心として詳細な解析が行われて
いる (Hayterand Riley 1967; Bayliss and Riley 1872a; Bayliss and Riley 







相同染色体対合の観察には普通系コムギ品種 ChineseSpring(Triticum aestivum 
L. var. Chinese Spring)(以下回と略す)を、また同祖染色体対合の観察にはCSとラ
イムギ品種 Petkus(Secalecereale L. var. Petkus)との交雑Flで、 5Bまたは3Dを欠
〈ものおよび両者をともに有するものを各々材料として用いた。後者の3種のコムギ







CSは25および3000、ABDR-5目、 ABDRは 15、25、および 30"c、 ABDR-30は30・Cの定温
4 
下に移動したが、各系統とも一部はそのまま15または20"C下に残した。











Bennett et al.(1972)および Bennettet al.(1974a)l士、 2000下における回、
問問、 CSの nul1isomic5B寸etrasom ic 5日、ならびに 15、2500下における回、各々
の成熟分裂時間(細糸期から四分子期まで)を、さらに Bennettet al.(1971)およ

















Table 1. Homologous chromosome pairing in cammon wheat(Chinese Spring) un-
der different kinds of constant temperature 
No. of No. of Chromosome coufigurat1on; Ml!un(S.白.)/PMC I'a lred-lIr司
Yl!ar Tempe:a-anEhers FHCS frequl!ncy 
cure{"C) obaerved ob~ervl!d 1+1 Rod Il RinK Il lU+l lV I PHC 
" 
L977 15 5 944 O.日OL(0 .03)) 1. 2~ (1.14) 19.7b{1.15) 白 。 40.75 (1.15) 
25 s 497 O.日12(0.109) 1.59(1.2)) 19.40(1.23) 。 。 4日.38( 1.25) 
30 519 0.079(0.27】 4.65{1.89】 16.27(1.90) 。 。 37.19(1.96) 
1976 15 5 459 0.009(0.093) 1.36(1.15) 19.63(1.15) 。 。 40.62【1.16)
25 8 1036 O.日22(0.154) 1.24(1.13) 19.74(1.L5) 日
。 40.12(1.1自}
30 10 609 0.6B4(0.B25) 5.90(2.00) L4 .41(2 .15) 0.003【0.057) 。 34.7)(2.57) 
1979 15 10 1223 0.033(0.191) 1.52{l.23} 19.45(1.26) 。 日 40.42(1.32】
25 6 587 0.065(0.26日} 2.39【1.5日} 18.55(1.54 ) 。 。 39.96(1.63) 
30 9 69日 0.838(0.911} 6.41(2.05) 13.73(2.24) O.白日3(0.053) 0.0日7{0.08叫33.90(2.71)
Table 2. Chromosome pairing in wheat(Chinese Spring) x rye(Petkus) Fl with 









































5ec text for the nbbrevintion. 
Chror園田師cconfigurationo Helln(S.D.)/PHC 
Rod 1 Ring II III IV 
15.88(2.98) 3.83(1.49) 0.927(0.923】 0.518(U.711) 0.014(0.119) 
14.82(2.76} 3.92(1.49) 1.292(1.045) 0.570{0.7(5) 白.011{O.103)
¥3.34(3.日7) 4.75(1.58} 1.537[1.044】 0.331{日.571J 0.023(0.184) 
20.42(3.14) 2.83(1.4的 0.307(0.597) 0.097(0.3:?3} 0.004(0.067) 
24.12(2.26) 1.32(1.08} 日.078(O.276} 自.03日(0.170) 日.001(0.032)
25.3S{1.74) 日.79(0.85) 日.024(O.15~) O.日07(0.凶幻 。
27 .47(1.06) 日.26[日.53} 0.001(日.033} 0.001(0.033) 日
27.45(1.0日 0.27(0.54} 日.001(0.038) 0.001(0.038) 0 
27.37【1.24】日.32(0.62) O.OOI[日.日23) 0.001[0.日33) 0 













































ことを観察している。また、 Oriscollet ~.(1967) は、 csの幼穂にコルヒチン処理
を行うと、やはり相同染色体対合量が減少し、多価染色体が出現することを報告して




























and R i 1 ey1973)も同様に説明できると考えられる。










品種 Chinese Springおよびコムギxライムギ Flで5Bを失くもの、 3D.を失くもの
ならびに両者とも有するものを供試し、普通系コムギの相同染色体対合および同祖染
色体対合に対して、高温(30"C)処理がどのような影響を及ぼすかを検討した。





























ABDR-5目、 A8DRは各々 3群に群別し、各系統とも 1群は対照区としてlS¥J下にモのま
ま放置する一方、他の群については次のように30'"0の温度処理を行った。即ちcsの場
合は残りの5群のうち4群を各々 3、10、30 および 90時間 3000下に置いて再び
15"C下に戻し、最後の 1群を 30"c下に放置した。以後これらの温度地理を順次、処
理 I、I、IILIV、Vと略記する。また処理の開始、終了は 1-V の各処理とも
30'"0処理の開始、終了を意味するものとする。一方、 ABDR-5Bおよび間関の場合



















(1)処理 V(15 → 30 00) 
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Fig・2. Time-dependent responses of chromosome pairing in Treatment 工 to 
CS(-a)， ABDR-5B(ーb)and ABDR(ーc). 
Symbols in this figure are the same as in Fig・1.
In Fig. 2-c， paired-arm frequency at 150C was not presented because of its 
extremely low value. 
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Fig. 3. Time-dependent responses of chromosome pairing in Treatment 1工
(-a) ， IV(四 b)and I(ーc) to CS. 

























Fig. 4. Schema of the stage dependency of high四 temperatureeffect. 
T，; Time from the start of 300C(lS ? 300C) to the fixing(under 300C). 








(2)処理 I ( 15 → 30(10時間)→ 15"C) 




























(3)処理1I1( 15→ 30(30時間)→ 15"0) 
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Fig. 5. Highーヒemperature-sensitivestages of three genotypes shown wiヒh
the period in premeiosis. 

















リ(Bennettet ~. lS7Sa)や4xコムギxBxライコムギ(Thomasand Kaltsikes 1977) 
においては本実験で検出された高温感受性ステージをモの中に合むが、 csにおいては
前成熟分裂期の初期以前に位置しており、高温感受性ステージとは重ならない(Oover 











される。一方、 A80Rに対する処理 I および V で異常に高い対合量が得られたこと
は、この現象が第2の感受性ステージと何らかの関係を持つことを暗示している。し
かし、 A80R-5Bに対する各処理や csに対する処理官 でi土、第2の感受性ステージ
を認めることはできなかった。この第2の感受性ステージ、およびそこで機能する対
合制御機構については、さらに解析する必要がある。
いずれにせよ、 ABDRに対する処理日および Vにおいて、 ABDR-5Bの15、20および
2500区に匹敵する対合量が得られたことは、育種的観点から見て重要である。序論で
ふれたように、コムギ育種において通常対合できない近縁種染色体から懐良遺伝子を
導入する際には、従来は放射線照射による転座の誘発(Sears1956; Elliott 1957; 
Wienhues 1963; Oriscoll 1968; Knott 1971;百足ら 1975;Dvorak and Knott 
1977)‘Ae. speltoidesの遺伝子によるPh1の作用の抑制(Rile:;o et al. 1968; 
Dvorak 1977)突然変異遺伝子也生の利用‘ (Sears1972; Wang et註・ 1977;
























Ri ley(1962)は、 38と5B.を同時に欠くコムギXライムギ1'1において、 38と58が同時に
欠失すると、 58のみが失失した場合よりも同祖染色体対合の量が減少することを報告






















Table 3. Production methods for the materials having differ色ntdoses of 





CrORS combinntion No. or t:hromo討ame日












ヲ l Disomics Ditelosomic x 3BS 41+ltelo(S)合
Ditelosomic 
3BL 
。 2 40+2telo(L) 
Monosomic 
3B 
， 1 l 41 
Ditelosomlc 
3BS 
2 。 40+2telo(S) 
Monotelo-
somic 3sL 
。I ト1onosomic Ditelosomic 
















the genotypes of Chinese Spring 工nHomologous chromosome pairing Table 4. 
of short and long arms of 3B chromosome with different doses 










Rlng 11 Rod II Itet. !l‘ Tela .11. Telo. [禽
19.43(1.21) 1.550.19) 0.04(0.29) 740 z 白18ロ悶lcs
16.68(1.40】3.22(1.41) 0.96(0.20】0.25(0.6且10.04(0.20) 62自2 Honatela-
diso悶lc38S 
16.5品(1.39)).35(1.37) 白.93(0.26)0.29(0.69) 0.07(0.26) 532 Hロnotelo-
dioamic 38L 
17.57(1.41】2.37 (1.4日】0.98(0.12】0.12(0.47) 0.03【0.25)832 呂。Dl.celasOOllc 
)BS 
17.白5{1.49)2.86【1.44)1.18(0.61) 211 3 HonO:lomic 
31 
12.13(2.35) 6.83(2.14) 0.77(0.42) 2.09(LB8) 0.47(0.85) 406 。01telo80mic 
3aS 
16.日目(1.40)].12(1.37) 0.16(0.54) 1.00(0.日日〉526 E l 白Honotel08omic 
3BL 







合 Te1o.[; telaRomic univn1ent， Te1o.11; telosomic bivn1ent， HeL Il; hetero，"orphlc blvalent 































the difference in the doses of 3B四 shortand long arm on Effect of 6. Fig. 
L; Dose of long arm. 
23 
the paired-arm frequency. 





















遺伝子が座乗し、その反対側の 5BS、3Aβ および 3DSに、逆に対合を促進する遺伝子


















Chinese Spring(CS)および 38短腕、 3B長腕を各々 l本または2本欠く系統、計9
系統を供試してそれらの染色体対合量を観察し、 38上に存在する対合遺伝子の作用を
検討した。














































M i 1 ALと略す)の2系統を用い‘ 1977年の12月(77W)と1979年の 4月(79S)の2固に
わたって実験を実施した。また38欠失の効果の検討には、 CS、Mi lAL、nullisomic38 













Monosornic 1A x Monosornic 3B 






Monoiso.1AL-nulli咽 3B (Mi1AL-N3B) 
(2n=39， 19工 +liso.) 




















Table 5. Effect of high七emperatureon the paired-arm frequency per arm-
pair in isochromosome and ordinary homologous chromosomes 
Telllpera-
No. of No司 of Paired-arm frequ巴ncy;Mean(S.D.)/PMC 
yeaτ女 Genotype* ture(OC) anthel:"s PMCs Ordinary homologous observed observed lsochrolllosome chromosomes 
77W Disomics 20 7 1006 0.96(0.03) 
(CS) 
30 3 144 0.88(0.05) 
MilAL 20 6 538 0.89(0.31) 0.94(0.04) 
30 6 408 0.88(0.32) 0.86(0.06) 
79S Disomic.s 15 10 1223 0.96(0.03) 
(CS) 
30 9 698 0.81(0.07) 
MilAL 15 6 443 0.88(0.33) 0.95(0.03) 
30 5 282 0.87(0.33) 0.86(0.05) 
* See text for the abhreviation. 


























Tab1e 7. Effect of 3B deficiency on the paired-arm frequency in isochromo-
some and ordinary homologous chromosomes 
Genotype古
No. of No. of 
anthers PMCs 
observed observed 





Disomics(CS) 8 820 0.96(0.03) 
N3B 4 447 0.71(0.07) 
Mi1AL 8 936 0.91(0.01) 0.94(0.04) 
MilAL-N3B 7 687 0.09(0.01) 0.73(0.08) 




































































(相同染色体問、同祖染色体間等)の距離であり (Feldmanet a]. 1966; Feldman 
1968; Avivi et al. 1989; DarveJ and Driscoll 1972; Dvorak and Knott 1973; 
reldman and Avivi 1973; Mello-SampaJo 1973; Singh et al. 1976; Avivi et al. 
1982a; Avivi et al. 1982b)、2番目のものは体細胞分裂中期細胞における染色体の
拡散程度であり (Aviviet al. 1970a; Avivi et al. 1370b; Ceoloni et al. 1984; 
Gaulandi et al. 1984)、3番目のものは花粉の発芽孔の数と形態である(Dover
1972; Avivi and Feld皿an1973a)。このうち第1の指標を用いる方法では、後述する
ように体細胞分裂中期で観察される染色体の配置が前成熟分裂期における配置と同様
であることを前提としており (Feldmanet al. 1966)、また第2、第3の指標を用い
る方法では、染色体配置は結鍾体槙物質によって制御されること、および各々の指標
形質i土前接合過程における絹錘体の性状、従って同過程における染色体配置の状態を





















胞型(正常型 una ff ec ted ce 1、部分拡散型 partially affected cell、および





10、20、3000定温下に配置した。各定温区とも 24:、 48および 72時間後に健全な根
端を採取し、ただちにファーマー氏糠で固定した。 3定温区各々における分裂回数は































Fig. 8. Responses of mitotic spindle to 3B-chromosome arm deficiency and 
colchicine treatment， as measured by proportion of cell types. 







































。」ーイ》 90 100 50 60 70 80 
Proportion of cell-types 
Fig. 9. Response of mitotic spindle to temperature treatment) as measured 
by proportion of cell types. 
* No. of cells observed. 




































、とにより近接配置t(Fe ldman et a 1.1968)を保持していると考えた。一方、 Aviviet 
a 1.(1969)は普通系コムギの根端にコJレヒチン処理を行い、分裂中期の相同染色体間
距離は非相同染色体間距離と同様ランダム分布での期待値にまで拡大すること、即ち
近接配置が乱れることを観察した。また、 Hottaand Shepa rd(1973) t士、ユりにおけ
るコルヒチンの染色体対合阻害(Shepardet al. 1974)の作用は核膜と結合している
DNA結合蛋白に対する作用であると結論している。これらAvivie主主!.(1969)および

















a 1. 1984) 、各種ヌクレオチド親和性CAvi'liet al. 19?Ob)、vinblastin親和性


























































































Chinese Springおよび 38短腕、 38長腕を各々 1本またはE本欠く系統、計9系統
を供試してモれらの染色体対合量を観察し、 38上に存在する対合遺伝子の作用を検討
した。



























































































Studies on the Variation of Chro皿osomePairing in Common Wheat 
Tsuneo KATO 
Summary 
Homoeologous chromosomes in comman wheat(Trit i cum aestvum L.) normally do 
not associate with each other at meiosis in spite of their genetic similari-
ty and pairing potentiality. The suppression of the pairing between homoeoト
ogues is controlled by the g巴netics!fstem due凹ainlyto Phl allele on 5B 
chro四osame. Therefore， an adequate manipulation of this al lele may promote 
the homoeologous pairing between the chromosomes of wheat and its related 
species， and successful1y make it possible to incorporate some useful alien 
genes into wheat genotype through meiotic recombination. 
However， no efficient method for the pairing manipulation will be estab-
lished until the pairing process and its regulating mechanism are elucidated 
for both ho目。!ogousand homoeologous chromos。回es.And. for elucidating the 
process and the mechanis回. it is indespensable to investigate the variations 
of chro田osomepairing caused by回目lvironmentaland genetic factors. 
From the above point of view. the variations of chromosome pairing caused 
by an environmental and a genetic factors， high temperature and a gene on 38 
chromosome， were analysed in the present 5tudies. The efforts of these 
studies were concentrated in elucidating the palrlng proc巴5Sof chromosomes 
in common wheat and creating a strategy for the utilization of pairing vari-
ation as atool of wheai breeding. 1n Part 1 of this thesis， the effects of 
the two factors on chromosome pairing were studied. and in Part 11 their 
modes of action on the process of palrlng were discussed. 
44 
Part 1. Effects of high temperature and 38 chromosame 
deficiency on chromosome pairing. 
In lhis Parl， the influences of high temperature and 38 deficiency were 
investigated for the chromosome pairing in pollen皿olhercells(PHCs). The 
effect of high temperature on chromosome pairing was examined also for its 
relation with the stage on oe11 cycle of PKCs. 
Ohapter 1. Effect of high temperature. 
Effecls of high temperature(30 00) treatment on ho皿ologousand homoeolo-
gous pairings were examined with the PKCs of a common wheat variely and 
wheal-rye Fl hybrids with and without 5B chromosomes. 
The results obtained showed that in wheat-r，e Fl hybrids lhe high temper-
ature reduced th巴 degreeof hamoeologaus chromoso田epairing in the Fl with-
out 58， whereas enhanced in the Fl with 58， which normal1y showed rare ho-
moeologous pairing due to 58. In wheat， on the other hand， the high te皿per-
ature suppressed homologous pairing but induced homoeologous pairing at a 
low frequency. 
Chapter 2. Stage dependence of high-temperature effect. 
同ith the sa圃emalerials as used in Chapter 1， the effect of high temper田
ature on chromosome pairing was examined for its dependence an the premeiot-
ic or meiotic stage of the PMCs treated with various temperature conditions. 
As the results， high temperature affected the pairing in both homologous 
and homoeologous chromosomes onlJ when the treatment was carried out at a 
particular stage(high-lemperature-sensitiye stage). In both cases of homol-
ogOUs and homoeologous pairings， the position of this stage was confined 
within a short rang巴 almost in the middle of premeiosis and was not over-
lapped with the colchicine-sensitive stage. 
After some temperature treatments. a high level of ho皿oeologouspairing 
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was induced in wheat-rye rl with 58. This result has an important meaning 
for wheat breeding， because it suggests that even in case of a wide cross 
involving 58. useful alien genes can successfully be incorporated Into wheat 
through the induced homoeologous pairing. 
Chapter 3. Effect of 38 chro回osomedeficiency. 
The role of the individual arm of 3B chromosome. the deficiency of which 
results in the suppression of homologous pairing. was examined using nine 
genotypes which covered all possible combinations with the deficiency of 
short-and/or long-arm of 38. 
The results indicated that the pairing suppression due to 38 deficiency 
was mostly attributed to the deficiency of its long arm. Therefore. the po-
sition of the pairing gene on 3B could be allocated to the long arm. 
Neither of homoeologous pairing nor other ahnormal chromosomal behaviors 
were observed in this experiment. 
According to Feldman's hypothesis for the action of 58 chromosome on 
pairing(Feldman 1986)， chromosomes which associate at zygotene stage are 
supposed to be sited closel， toeach other in nucleus prior to zygotene 
stage. The present results on high-temperature effects strongly suggested 
that there existed the chromosome arrangement in pre-zygotene stage as the 
above hypothesis indicated. It is considered that high temperature disturbs 
the regulating mechanism for chro皿oso田巴 arrangement at high-temperature-sen-
sitive stage and eventually affects the chromosome palrlng at first meta-
phase. Similar pairing variation was observed in tbe PMCs with extra dosage 
of 5BL and in those treated with colchicine. As to the effect of 3B(3BL)， 
the present results did not exhibit the evidence that 3B(3BL) deficiency 
disordered the chromoso掴earrangement as high temperature. 
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Part 11. Modes of action of high temperature 
and 3B chro皿osomedeficiency. 
In the first place of this part， a working hypothesis for the modes of 
action of high temperature and 38 chromosome deficiency was set up to ex-
plain the results obtained in Part 1. This hypothesis was examined in Chap-
ters 4 and 5， which had different stand points each other. 
The hypothesis was as follows: (i) The palrlng process of common wheat is 
co皿posedof two sub-processes， i.e.， pre-synaptic process(chromosome behav-
iors before 2ygotene) and post-synaptic process(chromosome behaviors on and 
after 2ygotene). ln the former process. chromosomes wbich associate at zy-
gotene stage are sited c)osely to each other， and in the latter process， 
synapsis， r包combinationand other events are performed between the chromo-
somes in close proximity. (ii) High temperature disturbs the mechanism reg-
ulating pre-synaptic process. (iii) The pairing gene on 3B-long-arm regu-
lates post-synaptic process， so that the deficiency of this chromosome 
causes the irTegulaT chromosome behaviors in this sub-process. 
Chapter 4. Action on the inter-arm pairing of an isochTomosome. 
ln an isochromosome， its two aTms are jointed at their centro回eTesand 
never change their relative position. Hence， the inter-arm palrlng of an 
isochromosome should be affected only by the condition in post四 synaptic
process of chromosome pairing but not by that in pre-synaptic process. 
8ased on this presumption. high temperature and 38 deficiency were examined 
for their effects on the inter-直rmpairing of an isochromosome(lA-long四 arm).
The results clearly showed that a level of inte-r-arm pairing was markedly 
reduced by 38 deficiency but not affected by high temperature. These re-
sults strongly suggested that the pairing gene on 3B(3BL) was responsible 
for the regulation of post-synaptic process. while high temperature was not. 
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Chapter 5. Action on mitotic spindle. 
Feldman(19S8) presumed that in pre-synaptic process， spindle-like materi-
al was concerned in the ordered arrangement of chromosomes by attaching cen-
tromeres to the definite sites on nuclear envelope. Feldman(1968) also 
pointed out that the factor which disorders the chromosome arrangement would 
have 80me effects on the connection between centromere and nuclear envelope. 
that 1S， on the spindle-like material. Based on this presumption， high tem-
perature and 38 deficiencJ were examined for their actions on the mitotic 
spindle in root-tip cells in order to elucidate their effects on the chromo-
some arrange皿ent in pre-sJnapti c process. In thi.s chapter， the cond i t i on 0 f 
mitotic spindle was estimated fro回 thedegree of chromosome scattering on 
metaphase plate. 
The results showed that the function of the皿itoticspindle was apparent-
ly disturbed bJ high temperature treatment(more than 48 hour exposure) but 
was not affected by 38 deficiency. Thus， high temperature seemed to be con-
cerned in the chromosome arrangement in pre-synaptic process through the ac-
tion on the spindle-like material， while the pairing gene on 3B(3BL) did 
not. 
Consequently， the experimental results obtained in these two chapters 
proved the validity of the working hypothesis presented at the beginning of 
Part 11. 
The presnt studies manifested that in co皿園田1wheat. an ordered arrange-
ment of chromosomes occurs in pre-synaptic process and plajs an important 
role in chromosome pairing， and that the process of the above arrangement of 
chromosomes is regulated by multiple mechanisms which responded each to dif-
ferent factors， e.g.， high temperature and colchlcine. To clarify the de-
tails of the pre-synaptic process， however， further examinations will be 
needed. 
The present studies demonstrated also that the pairing gene on 3B-long-
arm regulates the post-synaptic process of chromosome pairing and is nat re-
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sponsible for the pre-synaptic process. 
rrom the viewpoint of wheat breeding. it must be noted that e甲enwhen 5B 
was present some temperature treatments could induce the level of homoeolo四
gous pairing sufficient enough to incorporate useful alien genes into wheat 
genotype. In wide-cross breeding program， the pairing manipulation may mOTe 
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